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ABSTRACT 


The Nelson batholith and its associated satellites intrude the argil- 
laceous Slocan Group sediments in the southern Omineca Crystalline Belt of 
southeast British Columbia. Both the batholith and the country rock are 
cut by Pb-Zn-Ag bearing veins which have been economically important since 
the turn of the century. Twenty-four samples from the batholith and 100 
samples from the sediments were analysed for major and trace elements and 
the isotopic abundances of nine ore-lead samples were determined. 

Near to its northwest margin the Nelson batholith is composed mainly 
of granodiorite with a more mafic border phase, while xenoliths of basic 
material are contained within the granodiorite. Plagioclase porphyry satel - 
lite bodies intrude the sediments to the north of the contact and the 
majority of the igneous rocks exhibit the effects of late stage hydrother- 
mal alteration. The intrusive differentiated from a calc-alkaline magma 
and the common presence of hornblende, the wide range in Si0, content and 
the relatively low initial 875 4786s y ratios of the rocks classify the 
batholith as an I-type granitoid which probably originated in the mantle 
wedge above a subduction zone in the Middle Jurassic. 

The Slocan Group sediments are predominantly distal turbidites of 
varied chemical composition with rarer calcareous, quartzitic and tuffa- 
ceous horizons. In the highest part of the sequence they were derived 
from a basic source, whilst lower down the Group they had a more highly 
siliceous source region. There is no geochenical evidence that the ore 
metals were derived from the Slocan Group sediments. 

The ore-lead is shown to be of dual origin with that from the Ains- 
worth and Bluebell camps being derived, at least in part, from the Pre- 


cambrian basement whilst the lead from deposits further west and from 
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K-feldspar in the batholith is of 'young' oceanic affinity. This is 
taken as evidence that the western edge of the Precambrian basement un- 
derlies the vicinity of Kootenay Lake. 

The geology of the area is fitted into the general island arc tec- 
tonic model for the region during Upper Triassic to Middle Jurassic times. 
An easterly dipping subduction zone generated both the Rossland volcanics 
island arc, a possible source for the basic Slocan sediments, and the 
Nelson batholith whose associated hydrothermal system was the source of 


the ore deposits in the region. 
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CHAPTER 1 


INTRODUCTION 


1.1 Research Aims 

The northwest margin of the Nelson batholith, southern British 
Columbia, has been of geological interest since the turn of the century 
because of the lead-zinc-silver veins found in both the batholith and the 
adjacent sediments. The ore deposits have been the subject of intensive 
study but the host rocks have received comparatively little attention. 
More recently, the tectonic setting of this region of the Omineca Crys- 
talline Belt during the Mesozoic has come under scrutiny, especially 
with regard to the position of the western edge of the continental crust 
during this period of geological time. A geochemical study was therefore 
undertaken with the object of gaining insight into the source of the 
sediments, the origin of the batholith and, possibly, the source of the 


ore metals in the region. 


1.2 Location of Field Area 

The area of study is situated in southeastern British Columbia near 
to the intersection of the 50th parallel and the 117th meridian, approxi- 
mately 50 km north of Nelson (Figure 1). Slocan Lake provides a natural 
western boundary and the Kaslo-New Denver road a convenient northern limit. 
No fixed boundaries were chosen to the south and east but the batholith 
was sampled no further than four miles south of its northern margin and 
the sediments no further east than Zincton. The greater part of the area 


falls within the Nelson map-area (west half) whose general geology has 
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been described by Little (1960). 

Physiographically, the area falls in the Slocan range of the Selkirk 
Mountains. Idaho Peak (2280 m) is the highest point of Silver Ridge, 
which dominates the region, and is cut by the main valleys of the Car- 
penter and Silverton Creeks. The mountain slopes are densely vegetated 
up to around 2000 m and outcrop is limited to road cuttings and river 
banks. 

Access to the area is proyided by the Nelson-New Denver and Kas lo- 
New Denver roads and within the area by numerous old mine tracks, rem- 
nants of the days when the ghost town of Sandon housed several thousand 


pecple. 


1.3 History of Research 

The first geological mapping of the region between Kootenay and 
Slocan Lakes was begun in 1894 by R.G. McConnel and completed in 1900 by 
R.W. Brock. Mining flourished around the turn of the century and 0.E. 
Leroy and C.W. Drysdale made a study of the Slocan mining camp between 
1908 and 1917. Further work by M.F. Bancroft and C.E. Cairnes resulted 
in the publication of two memoirs and their associated maps (Cairnes 
$934981935). 

Since this time, studies have been carried out on the structure and 
mineral deposits of the region by members of the Geological Survey of 
Canada and the British Columbia Department of Mines and Petroleum Re- 
sources. More important publications in this group include the works by 
M.S. Hedley (1952) on the Sandon area, H.W. Little (1960) on the general 
geology of the Nelson map-area (west half) and J.T. Fyles (1967) on the 


Ainsworth-Kaslo region. 
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K.K. Nguyen, A.J. Sinclair and W.G. Libby (1968) have obtained 
K-Ar dates for the northern part of the Nelson batholith and A.J. Sin- 
clair (1966) performed a lead isotope study on galenas from the area. 
Further references on most recent works are given in the relevant chap- 


ters of the thesis. 


1.4 Regional Setting 

The area studied lies within the southern part of the Omineca Crys- 
talline Belt, one of the five distinct geological belts paralleling the 
present continental margin, which make up the Canadian Cordillera. 

Rifting in the mid-Proterozoic established the western margin 
of the North American craton which was situated well east of the present 
day continental margin. The Proterozoic Purcell and Windermere Super 
groups were probably deposited as shelf: slope: rise assemblages and 
Atlantic-type margin deposition continued until terminated by the late 
Devonian-early Mississippian Caribooan orogeny (Dickinson 1976). The 
western margin of North America then ceased to be an intraplate boundary, 
becoming a plate margin as it interacted with a plate to the west (Monger 
et.al 1972). Late Palaeozoic volcanic arcs developed in the Omineca 
Crystalline Belt. Oceanic rocks occur in the Intermontane Belt to the 
east and a subduction zone dipped eastwards under the continental 
margin. 

During the Upper Triassic-Lower Jurassic period the subduction zone 
apparently moved westwards due to the accumulation of material during 
the previous subduction episode. Extensive volcanics of a predominantly 
basic nature (Monger 1975) were deposited in an island arc environment 


along most of the Cordillera. The Nicola, Hazelton and Takla volcanics 
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fall into this class. Sediment deposition took place in increasingly 
restricted basins and theflysch like sediments of the Slocan and Ymir 
Groups accumulated at this time, apparently from a westerly source. 
Between the Lower Jurassic and the Upper Cretaceous the emergence 
of the Cordillera caused a change in regime from the island arc setting, 
through an intermediary 'successor' basin stage (Douglas et al 1970) 
to a totally continental Cordillera. The widespread plutonics of the 
Coast Belt show that subduction continued throughout this time whilst 
in the Omineca Crystalline Belt the Columbian orogeny produced the intru- 
sion, around 160 Ma ago, of numerous plutons of which the Nelson batholith 
is one example. 
Crustal extension rather than compression has taken place over most 
of the Cordillera since Miocene time. This sequence of events is com- 


parable to those of the present day Andes of South America. 


1.5 General Geology 

Rocks ranging in age from Precambrian to Tertiary outcrop in the south- 
ern part of the Omineca Crystalline Belt. The outcrop of the Triassic and 
Jurassic rocks is shown in Figure 2 and the stratigraphic column for the 
Nelson-Rossland region is shown in Figure 3. 

The oldest rocks in the region outcrop to the east of Kootenay 
Lake. These are the fine clastics and carbonates, up to 14000 m in 
thickness, of the Purcell] Supergroup. They are unconformably overlain 
by the late Proterozoic Windermere Supergroup which is represented by a 
series of predominantly coarse clastic beds with intercalated volcanic 
and calcareous horizons. The -Precambrian-Cambrian boundary has been 
taken by Little (1960) as the base of the lowest formation containing 


Lower Cambrian fossils: thus the conformable boundary between the Three 
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Figure 2. Geological sketch map of southeast British Columbia showing 


Triassic-Jurassic outcrop in relation to the Nelson batholith. 
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Figure 3. Stratigraphic column for the Nelson-Rossland region 


Douglas et al (1970). 
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Sisters Formation (Windermere) and the Quartzite Range Formation is re- 
garded as the base of the Palaeozoic. Cambrian sedimentation occurred in 
a shallow sea basin distant from the shoreline as limestones and argil- 
laceous sandstones of the Laib and Nelway Formations were deposited. The 
Ordovician Active Formation is of similar origin, clastics being derived 
from a distant easterly landmass. Deposits of Silurian or Devonian aae 
are not found in the region, probably due to the effects of the Caribooan 
orogeny. Following this period of non deposition came the shallow sea 
Upper Carboniferous deposits of the Mount Roberts and Milford Formations. 
The lower members are predominantly limestones with interbedded lavas 
and tuffs whilst the upper members are mainly argillaceous beds becoming 
coarser towards the top, probably indicating a marine regression around 
the onset of the Permian. 

Unconformably overlying the Milford Group are the altered volcanics 
of the Kaslo Group, included by Monger (1975) in a Palaeozoic to Mid- 
Triassic volcanic are belt. Fossil evidence in sediments above and below 
give the Kaslo Group a likely Triassic age. The eugeosynclinal sediments 
of the Slocan Group unconformably overlie the Kaslo Group (Cairnes 1934): 
they will be considered in more detail in Chapter 3. Further south are 
the argillaceous sediments of the Ymir Group. They bear a strong litho- 
logical similarity to the Sliocan Group and were probably deposited in 
the same geosynclinal trough. The dominantly volcanic Rossland Group 
conformably overlie the Ymir sediments. They are Lower to Middle Jurassic 
in age and are of similar age to the volcanics of the Intermontane Belt 
to the west where the Lower Jurassic Hazelton Group and Upper Triassic 
Takla and Nicola Groups are found. According to Beddoe-Stephens (1977) 


the Rossland volcanics are of island-arc affinity with the magmas ori- 
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ginating in the upper mantle. 

The Hall Formation is both underlain and overlain by the Rossland 
Group. These upward coarsening sediments, together with the presence 
of shallow water structures, may reflect the onset of the Columbian 
orogeny. Apart from very minor conglomeratic horizons, all younger rocks 
in the region belong to the intrusive igneous group. The Nelson batho- 
lith was emplaced during the first half of the Columbian orogeny (Nguyen 
et al 1968, Gabriesle and Reesor 1974). To the southwest of the 
Nelson batholith are the Trail, Rossland and Coryell batholiths. Fyles 
et al (1973) give K-Ar dates on the Trail and Coryell intrusives of 
48-50 Ma. Compared to the Nelson batholith they are a more alkaline 
suite of rocks (Gabrielse and Reesor 1974). 

Approximately 20 km west of the area studied lies the western boun- 
dary of the Kootenay Arc, a major structural trend of the southern Omineca 
Crystalline Belt, whose position is shown in Figure 2. The Kootenay 
Arc is a north-trending metamorphic fold belt which has been mapped from 
Revelstoke in the north to the Spokane River of northeastern Washington 
in the south. It is bounded to the east by the Purcell] anticlinorium and 
to the west by the Shuswap Metamorphic Complex and the Nelson and Kus- 
kanax batholiths. Within the arc are complexly folded and faulted strata 
of Upper Proterozoic, Palaeozoic and Mesozoic age. The central Kootenay 
Arc is characterised by tight to isoclinal, north-south trending folds 
superposed on the Riondel Nappe, a westward closing recumbant anticline 
in the Lower Palaeozoic rocks (Hoy 1976). Winzer (1973) and Hoy (1976) 
have mapped metamorphic isograds in a zone of medium to high grade re- 
gional metamorphism in the Riondel area. Wheeler (1966) believes that 


the arc may have originated by the squeezing and resultant upwelling of 
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material between the Nelson and Kuskanax batholiths and the Purcell anti- 


clinorium during the Columbian orogeny. 


1.6 Sampling and Analytical Techniques 

Samples were taken from the Nelson batholith and its satellite bodies 
and all were sectioned. Twenty-four of these samples, chosen to include 
the different rock types found, were then designated for whole rock 
chenical analysis. Their location is shown in Figure 4. Sediment samples 
were collected and a representative number were sectioned. In addition 
batches of twenty samples were taken at approximately 3-5 m intervals 
from continuous sections in the sediments. Five such batches were col- 
lected, with locations as shown on Figure 4, for whole rock chemical 
analysis. 

The samples to be analysed were initially trimmed with a diamond 
saw to remove the weathered surface. They were then crushed in a jaw 
crusher before being powdered in a tungsten carbide swing mill. 

Lead and vanadium were analysed by atomic absorption spectrophoto- 
metry (A.A.S.) at the University of Alberta and the remaining elements 
were analysed by X-ray flourescence at the University of Durham. To 
prepare the samples for A.A.S. analysis 1 gram of the powdered rock was 
dissolved in 10 mls of HF and 10 mls of HNO. and the solution was eva- 
porated down to dryness. Two further 10 ml volumes of HNO. were added 
and each one evaporated to dryness. The soluble residue was then dis- 
solved in a 5% HNO, solution, diluted to volume and, where necessary, in- 
soluble graphite was filtered off. 

A.A.S. is the study of the absorption of radiant energy by atoms. 


The technique is useful as it is a highly sensitive method of rapid analysis 
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which is capable of measuring the trace quantities of elements in rocks. 
The unexcited or ground state atoms of an element will absorb certain 
wavelength radiation from excited atoms of the same element. This pheno- 
menon appears to be a predictable and measurable property of the atom. 
In practice a hollow cathode lamp contains a cathode made out of the de- 
Sired element. The atoms of the cathode are excited by the heating of 
argon gas within the cathode lamp. Excited electrons are now in a 
higher energy state and when they collide with other electrons they loose 
this energy which is emitted as radiation. The sample, in solution,is 
then sprayed into an acetylene/air or acetylene/nitrous oxide flame where 
it is irradiated by a particular isolated wavelength of radiation. The 
flame reduces a portion of the solution to free atoms of its constituent 
elements which absorb the emitted radiation. Absorption of radiation is 
Proportional to the amount of sample element present and the non-absorbed 
radiation is measured by a photomultiplier-amplifier system. The results 
may be in the form of a digital read-out or a chart recording. 

Sample solutions are measured relative to standard solutions of 
known concentration and of similar acidity to the sample solutions. 

Seven galena samples and two pyrite samples were chosen for Pb 
isotope analysis. The location of the samples is shown in Figure 4. 
The sulphide was dissolved in vapour distilled HNO. and the solution was 
diluted before the addition of concentrated HNO. to directly precipitate 
Pb(NO.)5. For the low Pb pyrite samples a Ba(NO3), carrier was added. 
Centrifuging separated the precipitate from the solute and the solute 
was discarded. The residue was dissolved in 1.5N HC] and this solution 
was purified by passage through an anion exchange column. Pure PbC] 


2 
crystallised from the solution. This was then picked up in HPO, and 
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loaded onto silica gel on a rhenium filament. The isotopic composition 
of the Pb was then measured on a micromass MM30 mass spectrometer and 
the isotopic values were corrected for mass discrimination by normalising 


to the measured ratios of the NBS 981 Pb standard. 
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CHAPTER 2 


THE NELSON BATHOLITH 


2.1 Introduction 

The Nelson batholith is a heterogeneous granitoid body occupying 
approximately 2000 kine between Kootenay and Slocan Lakes lying predomin- 
antly north of the West arm of Kootenay Lake. Cairnes (1934) described 
the main mass of the batholith as 'a massive porphyritic granite’ but 
it has since been found that granodiorite is the most common rock type. 
Towards its contact with the country rock, the massive porphyritic facies 
becomes less coarsely grained and there is a decrease in the size and 
number of K-feldspar megacrysts. The specimens collected for this work 
were taken from such an area, close to the northwest margin of the batho- 
lith (Figure 4). 

The age of emplacement of the batholith may be bracketed by strati- 
graphic evidence. The youngest roeks cut by the batholith are the early 
Middle Jurassic Hall Formation and eroded Nelson pebbles are found in the 
middle to late Lower Cretaceous Blairmore Formation. This is in agree- 
ment with ages from radioactive isotope studies. 

K-Ar isotopic age determinations, according to Gabrielse and Reesor 
(1964), fall into three groups which together with structural evidence 
supports the following sequence of events. 

1. “Emplacement and consolidation of a large massif of hornblende- 
biotite grandiorite before 171 Ma, at a greater structural depth than 


now exists. 
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2. "Mobilisation and reintrusion ... resultant upon an intense 
Structural episode that affected the region generally ... at, or later 
than 131 Ma ... and may, in fact, be the fundamental cause of the de- 
velopment of the Kootenay Arc. 

3. "Further emplacement of leucocratic quartz monzonite in and 
around the fringe of the batholith" giving ages around 55 Ma. 

Recent Rb/Sr whole rock isochron dates (Duncan, Parrish and Armstrong 
1979) are in approximate agreement with the K/Ar age determinations. A 
medium grained granodiorite from the southern tail of the batholith gives 
a nine point isochron with an age of 150 + 9 Ma and an initial B75 ./88s 
Cacios0ne U7 0G, E 0.0002, although as presented. at the GAC spring meeting, 
1979, this isochron appeared to be more of a scatterchron than is apparent 
from the stated errors. Samples from the Mount Carlyle Stock, in the 
east of the region studied, gave an age consistent with the previous K/Ar 
date of 164 Ma. It is postulated that these Jurassic plutonic rocks ex- 
perienced reheating and deformation at later times up to the Eocene pro- 


ducing much of the ambiguity in previously published K/Ar data. 


2.2 Petrology 

The rocks of the northwestern region of the Nelson batholith may be 
divided into three main groups: the main body of the batholith, composed 
predominantly of a massive medium to coarse grained granodiorite (Plate 
1 [1]), a more mafic, quantitatively minor, border phase (Plate II [1]) 
and numerous porphyritic satellite bodies (Plate I [3]) which intrude 
the sediments to the north of the batholith. In addition small dioritic 
xenoliths (Plate II [3]) were found within the main body of the granodiorite. 


Approximate modal analyses and norms for the twenty-four samples which 
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Plate [ 


Main body granodiorite, hand specimen 
Main body granadiorite, thin section 
Porphyry, hand specimen 


Porphyry, thin section 
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Plate II 


Border rock, hand specimen 
Border rock, thin section 
Xenolith, hand specimen 


Xenolith, thin section 
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were analysed for major and trace elements are given in Appendix 1. 

In thin section the main body rocks (Plate I [2]) display a coarse 
intergrowth of euhedral plagioclase feldspar, ranging in composition 
to An 


from An. and commonly showing zoning, anhedral K-feldspar and 


6 32 
quartz. Subhedral hornblende predominates over biotite as the major mafic 
mineral and these account for around 10% of the rock. Accessory minerals 
are euhedral sphene and opaque oxides. In composition the rocks group 
close to the granodiorite/quartz monzodiorite/quartz monzonite boundary 
on the Streckeisen classification with the majority falling in the grano- 
diorite field. Sample 7.16 contains only very minor mafic minerals and 
classes as a hololeucocratic granite. 

The border rocks become increasingly mafic towards the margin of 
the batholith. Large euhedral plagioclase feldspar of composition AN 35 
is the major felsic mineral with interstitial K-feldspar and less than 
5% fine grained quartz (Plate II [2]). Hornblende composes up to 35% of 
the rock and sphene and opaque oxides are again the accessory minerals. 
The border rocks classify in the monzonite-monzodiorite range. 

All the satellite porphyry bodies contain large euhedral plagioclase 
phenocrysts of composition Anos to AN 39 many showing strong zoning 
(Plate I [4]). Quartz appears in two distinct phases; as occasional 
large euhedral crystals and as a component of a fine grained quartz/ 
feldspar late stage matrix. Euhedral hornblende and biotite account 
for 10-20% of the rock. The model compositions of the porphyries range 
from granadiorite to quartz monzodiorite. 

Evidence of late stage hydrothermal alteration is found in almost 
all the rock samples from the Nelson batholith. Sericitization of the 


plagioclase feldspar is widespread and dark arey patches of epidiote are also 
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found on the plagioclase crystals. It is believed that the Ca needed 
to produce epidote is released by the feldspar as it absorbs Na from 
the hydrothermal solutions. The mafic minerals are also often altered. 
Biotite may be almost completely replaced by chlorite and epidote is 
found in many samples in association with chlorite and appears to be 
forming at the expense of hornblende. 

The samples from the xenolith are distinct from the rest of the 
igneous rocks. These porphyritic medium grained rocks do not show normal 
igneous textures (Plate II [4]);the plagioclase feldspar is highly zoned 
and the crystals have corroded margins, indicating a non-equilibrium 
assemblage. The amphibole is tremolite/actinolite and it appears to 
pseudomorph relic pyroxene crystals. Biotite is less prevalent than 
amphibole and there are very few opaque minerals in this rock type which 
classifies in the monzonite/monzodiorite range. 

In conclusion, the field relationships and petrological evidence 
Suggest that the border rocks were the initial differentiates of the crys- 
tallising magma which were pushed to the margins as the main granodioritic 
mass was emplaced. The porphyries have a range in composition and do 
not all appear to have been intruded at the same time but may be char- 
acterised by relatively rapid movements of magma from depth to the final 
position of emplacement. The xenolith samples have a different origin 
from the rest of the intrusives: further discussion on this topic will 
be delayed until the geochemistry of the rocks has been considered. 
Hydrothermal alteration of the northwestern section of the Nelson batho- 


lith appears widespread. 
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2.3 Geochemistry of the Nelson Batholith 

The major and trace element analyses of the igneous rock samples 
are shown in Appendix 1. 
(i) Major elements 

Compared to the average granodiorite (Nockolds 1954) the rocks from 
the main body of the batholith are high in Al, Fe, Ca, Na and K. On an 
AFM plot (Figure 5) they fall on a typical calc-alkaline differentiation 
trend with the border rocks showing higher Mg and Fe, typical of early 
differentiates from a crystallising magma. Sample 7.16 is a very late 
differentiate and stands out on all the chemical variation diagrams. On 
both the AFM and the MgO vs. S10, (Figure 6) diagrams the porphyries 
plot along the main trend indicating that differentiation was controlled 
by the crystallisation of the same minerals as in the main body of the 
batholith. The xenolith samples fall well away from the calc-alkaline 
trend and are distinguished by exceptionally high magnesium values. 

Average values for the Rossland Group volcanics (Beddoe-Stephens 
1977) are also shown on Figures 5 and 6. They plot at the ‘early differ- 
entiate' end of the calc-alkaline trend. 
(ii) Trace elements 

The trace element concentrations give clues to the source and cool- 
ing history of the batholith. Very low Ni values in all but the xeno- 
lith samples are evidence against a simple mixing model involving a 
large proportion of basaltic magma for the origin of these calc-alkaline 
rocks. 

V/Ni ratios (Figure 7) are high ( > 10) which is typical for calc- 
alkaline rocks (Taylor et al 1969). The V content is similar to that 


of tholeiitic and alkali basalts whilst the Ni content is an order of 
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magnitude lower. This precludes derivation of the batholith from an 
alkali basalt or tholeiitic basalt by crystal fractionation because V 
as well as Ni would be depleted in the residual magma. 

Rb has the same ionic charge as K but has a larger ionic radius, 
1.474 compared to 1.332. During magmatic crystallisation Rb will be ad- 
mitted by K and therefore K/Rb ratios would be expected to be highest 
in the early fractionating rocks. Figure 8 shows that all the border 
rocks have K/Rb ratios greater than 330 whilst all the main body batholith 
rocks, except for sample 7.16, have K/Rb ratios below 330 consistent with the 
theory that fractional crystallisation of the magma took place. The 
high K/Rb values of the porphyries are similar to those of circum- 

Pacific igneous rocks (Taylor et al 1969). 

Although the porphyry bodies follow the main batholith trend with 
regard to major element variation they may be distinguished by their trace 
element concentrations. They have high V/Ni and K/Rb ratios and have 
low Nb, Y and Zr contents. On the 710, vs FeO (Total) diagram (Figure 9) 
the main body and border rocks show a remarkably linear trend but the 
porphyries fall on a separate line showing lower Ti concentrations. This 
Suggests that the porphyries did not simply form from rapidly rising 
offshoots of the main Nelson magma chamber. The lack of field relation- 
Ships make it difficult to tell whether the porphyries pre-date or post- 
date the main Nelson batholith but it seems that they were derived from 
a similar magma, but one having higher K/Rb and V/Ni ratios and lower 
concentrations of Nb, Y, Zr, and Ti than the main Nelson magma. The 
porphyries indicate that at least two phases of magma genesis occurred 
in the region. It is interesting to note that the Rossland Group vol- 


canics plot on the extension of the porphyry trend, possibly reflecting 
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Figure 8. 
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a comagmatic relationship between the two. 

Figures 10 and 11 show that the positive correlation between V and 
FeQ (Total) and V and MgO. The early differentiates are high in V com- 
pared to the main body granodiorites as V follows Fe and Mg in the early 
crystallising mafic minerals. The porphyry bodies and the Rossland vol- 
canics fall along the main differentiation trend. 

The distinctive feature of the trace element geochemistry of the 


xenolith samples is the exceptionally high Ni and Cr concentrations. 


2.4 Origin of the Nelson batholith 

The nature of granitoid magma is such that it is thought that it 
may be produced by either differentiation or partial melting processes. 
The long-lasting debate on this subject has been recently sharpened by 
the grouping of granitoids into I-types of igneous origin, and S-types 
of sedimentary origin, by Chappell and White (1974). This division is 
based partly on the relatively low Na and high Al of S-types reflected 
by more than 1% normative corundum. Mineralogically this means S-types 
never contain hornblende. In addition S-type granitoids are restricted 
to relatively high Si0, contents, greater than 69.5%  Si0, (Chappell 


1978), whereas many I-types are less siliceous. Initial 87), /86 


Sr ratios 
also show systematic differences with S-types commonly having initial 
ratios greater than 0.710 (Chappell and White 1974). 

The rocks of the northwest margin of the Nelson batholith show a 
wide range in silica content with only one sample containing more than 
69.5% Si0,. Corundum is only present in the norm of one out of twenty- 


four samples and hornblende is the most abundant mafic mineral. These 


factors all point to an igneous origin for the Nelson batholith. Whole 
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rock initial 87.54) sy ratios of approximately 0.707 fall well below the 
higher values associated with continental crustal rocks (Fairbairn et al 
1964, Duncan et al 1979) which rules out the possibility of large scale 
selective fusion of ancient or Rb-rich geosynclinal sediments as the 
batholith source. The low values indicate that the magma originated in 
the base of the crust or upper mantle and became slightly enriched in 
Hiss as it migrated upwards. 

There is evidence in the paragneisses in the core of the batholith, 
to the south of the mapped area, that parts of the batholith were formed 
by the metasomatism of pre-existing sediments. However, it seans probable 
that these paragneisses are merely remnants of relatively minor volumes 
of sediments 'digested' by the magma. 

In conclusion, the geochemistry and petrology of the rocks from the 
northwest region of the Nelson batholith indicate that they formed by 
differentiation, controlled by crystal fractionation, from a calc- 
alkaline magma. The origin of such calc-alkaline magmas has been widely 
discussed in geological literature. Their close spatial association 


B75 ./26sy ratios and results of high 


with island arcs the low initial 
pressure experimental studies (Green and Ringwood 1968) have led to the 
belief that the magmas have formed by a two stage process from the mantle 
(Ringwood 1974). Oceanic crust is generated from the primitive mantle at 
an ocean ridge. As part of the lithosphere it moves down into the mantle 
along a subduction zone where, at depths of 70-100 km, amphibolite in 
the crust becomes dehydrated and the water generated causes partial 
melting of the pyrolite upper mantle adjacent to the subduction zone. 


These magmas differentiate to give the early tholeiitic stage of island 


arc development. At depths of 100-150 km a high partial pressure of 
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water is maintained in the oceanic crust by the dehydration of serpen- 
tinite. Partial melting produces magmas which react with the overlying 
mantle resulting in the formation of low viscosity diapirs which rise 
upwards from the subduction zone. The diapirs partially melt to give 
the magmas which fractionate by amphibole crystallisation to produce 
the calc-alkaline phase of island are development. 

The xenolith, with high MgO, Ni and Cr concentrations, is perhaps 
a remnant of the refractory material which was not melted when the grani- 
toid magma formed. Such refractory components, carried upwards by the 


magma, have been termed 'restites' by White and Chappell (1977). 
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CHAPTER 3 


THE SLOCAN GROUP 


3.1 Introduction 

The Slocan Group sediments are exposed to the north of the Nelson 
batholith. They are, for the most part, a sequence of grey to black, 
massive, argillaceous sediments apparently deposited by distal turbidity 
currents with minor slaty, calcareous and quartzitic horizons. The thick- 
ness of the Group has been the subject of debate. Cairnes (1934) gave an 
estimate of 2100 m but Hedley (1952) and Irwin (1951) proposed much greater 
thicknesses, the latter suggesting around 11000 m. Cairnes (Irwin 1952) 
objected to this figure on the grounds that major repetitions of strata 
had been missed. The author, during his field studies, noted numerous 
reversals of dip from the general southwesterly direction but these ap- 
peared due to minor scale folding. It seems that the total thickness of 
the Slocan Group is very great but an accurate figure may not be placed 
on it at the present tine. 

Fossil evidence for the age of the Slocan Group is not conclusive. 
It appears that the lower part of the Group is almost certainly of Triassic 
age, whilst the upper part of the Group is given as provisional Sinemurian 
(early Lower Jurassic) age. This does not conflict with the K-Ar isotopic 
age date of 171 Ma (Gabrielse and Reesor 1964), for the initial phase of 
the Nelson batholith which intrudes the sediments. 

Cross bedding, graded bedding and soft sediment deformation struc- 


tures were seen in the turbidites throughout the sequence. The basal beds 
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in the northeast of the mapped area were more fissile and calcareous 
than beds higher in the sequence where, to the southwest of Sandon, 
numerous quartzitic horizons were noted. The highest beds of the Slocan 
Group outcrop towards Slocan Lake and the Nelson batholith contact. 

They are again predominantly argillaceous but contain minor beds of tuf- 
faceous origin. 

The structure of the Slocan Group has been discussed in detail by 
Hedley (1952). The dominant feature is a large recumbant syncline termed 
the 'Slocan fold’ by Hedley. This is exposed along a 20 km section trending 
northeast and southeast from Sandon. Strata in the valleys dips southwest; 
at moderate elevation the dip is vertical whilst on the peaks the dip is 
northeast and the strata are overturned. The beds thus form a recumbent 
syncline with associated local crumpling folds and faults of small dis- 
placement. 

The grade of regional metamorphism in the area is not as high as 
that in the Kootenay Arc to the east. Chlorite and biotite are found in 
argillites well away from the contact aureole of the Nelson batholith 
indicating low grade regional metamorphism. Within around 800 m of the 
main batholith contact, the metasediments have been partly recrystallised 
and the development of a wide variety of metamorphic minerals reflects 
the varied composition of the Slocan sediments. Tremolite was found in 
more calcareous rich horizons at distances ranging from 100 m to 700 m 
from the batholith contact. Actinolite was identified in a sample approxi- 
mately 300 m from the contact whilst garnet, staurolite and biotite were 
found in an argillite from 2 km east of Fish Lake, well north of the 
main batholith, indicating the proximity of a satellite porphyry body. 


Contact aureoles around the porphyry bodies are dependent on the size of 
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the intrusion. Anthophyllite and cordierite were found in a metasediment 
approximately 30 m from the edge of the porphyry found east of New Denver, 


from which sample 7.18 was taken. 


3.2 Sampling 

Groups of twenty samples were taken from well exposed sections in 
the Slocan Group sediments. Five groups were collected and their loca- 
tions are shown as Bl, B2, B3, B4 and B5 on Figure 4. Samples of Bl 
were collected at 6 m intervals from a continuous section of argillites 
Striking at 320° and dipping steeply to the southwest. Within the group, 
Significant compositional variation is found, which is typical of al] 
five groups. Thin section studies showed angular to sub-angular detrital 
quartz and plagioclase feldspar grains, less than 0.2 mm in diameter, 
with minor chlorite and iron oxides in a very fine grained matrix. Cal- 
cite appeared to be recrystallising in the sediment. 

B2 samples were taken at 4 m intervals from a section very close 
to the top of the Slocan Group. and had the same dip and strike as the Bl 
group. In thin section an argillite sample showed an interlocking aggre- 
gate of detrital angular plagioclase feldspar and quartz grains. Maxi- 
mum grain size is less than 0.25 mm and this makes positive distinctions 
between quartz and untwinned plagioclase feldspar difficult. In View 
of the chemical analyses of the group it appears likely that most of the 
grains are plagioclase feldspar. Small green crystals of actinolite 
make up around 10% of the rock reflecting proximity to the batholith and 
minor biotite, calcite and opaque oxides were identified. Group B2 
had the lowest carbonaceous material content of the sediments sampled 


followed by group Bl. Groups B3, B4, and B5 had relatively higher car- 
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bonaceous contents. 

Group B3 samples were taken from a continuous 100 m section south 
of New Denver, lower down the Slocan Group than groups Bl and B2 but 
showing the same general dip and strike directions. In thin section a B3 
argillite was made up of angular to sub-angular detrital quartz and feld- 
spar grains, diameter less than 0.20 mm, opaque oxides, biotite and minor 
detrital calcite in a very fine quartz-mica-carbonaceous material matrix. 
Chemical analysis suggests that most of the detrital grains are quartz. 

Group B4 samples were taken at 3 m intervals from a section of ar- 
gillites northwest of Sandon striking at 310° with an approximate dip of 
50° to the northeast. Thin section studies show detrital subangular quartz 
grains, less than 0.25 mm in diameter, in a very fine grained micaceous 
matrix. Biotite rich and carbonaceous rich bands were evident along 
with minor iron/titanium oxides. 

Group B5 samples were taken from a 60 m section east of New Denver 
where the Slocan sediments strike at 340° and dip 38° to the southeast. 
The position of this section near to a satellite porphyritic igneous 
intrusion was reflected in thin section by the presence of porphyroblastic 
needles of anthophyllite and xenoblastic cordierite in a very fine 
grained quartz/ feldspar/graphitic matrix. 

The typical mineral assemblages for the five groups are given in 


Appendix 2. 


3.3 Chemistry and Provenance 
Major and trace element analyses were determined for each sedimentary 
sample and the results are shown in Appendix 2. Average concentrations 


for each element in each group were calculated after discarding four Bl, 
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three B2, two B3 and four B5 samples due to exceptionally high CaO and 
MgO percentages. These averages are shown in Table 7. Factor analysis 
techniques were used to give a general picture of the chemical character 
of the sediments. 

The principal aim in factor analysis is to reduce an observed set 
of relationships between many variables, in this case the chemical data 
on the sediments, to a simpler set of relationships amongst fewer vari- 
ables which may be termed factors. In simple terms, without becoming in- 
volved in the mathenatics of the method,the factor scores, represented 
by one point per sample on the diagram (Figure 12), are similar for rocks 
of similar chemical character. Thus the relative degree of scatter within 
the sedimentary groups and the relative differences between the groups 
are displayed. | 

The principal component matrix factor scores F, and Fos as displayed 
in Figure 12, express approximately 70% of the total variance of the data 
in this example. Groups B2 and B4 are the most different chemically 
whilst Bl, B3 and Bb are intermediate in character with B3 being most 
similar to B4 and Bl being the most similar to B2. F may be broadly 
related to Si0,% with positive Fi samples containing more S10, relative 
to negative Fo samples. Similarly Fo may be broadly related to Rb con- 
centration and K,02. 

The large compositional variation between the Slocan sediment samples 
is typical for beds deposited by turbidity currents (Condie 1967). This 
feature can be most readily explained if the turbidity currents were gen- 
erated from different regions within a partly enclosed basin. The compo- 
sition of the immediate source area would then determine the composition 


of the sediment arriving at the edge of the basin. With this factor in 
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Average chemical analyses for the Slocan Group sediments 


TABLE 1 


3/5, 


(major elements as weight % oxides, trace elements in ppm) 
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Figure 12. Principal Component Matrix factor scores for groups Bl, B2, 


B3, B4, B5 from the Slocan Group sediments. 
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mind, and assuming that the low-grade regional metamorphism in the region 
has been approximately isochemical, a presumption supported by geochemi- 
cal studies on Californian metagreywackes (Coleman 1965), conclusions 

may be drawn on the source region of the Slocan Group sediments. 

The effect of grain size on the chemistry of the sediments is not 
considered important as all the groups consist of fine sand-sized grains 
(less than 0.25 mm diameter) in an argillaceous matrix. 

The compositions of the five sedimentary groups are compared to 
the average values for basic and felsic (granites and granodiorites) 
rocks; the Rossland Group volcanics (Beddoe-Stephens 1977); the oceanic 
basalts from DSDP 37, holes 332A, 333 and 334 (Lambert and Holland 1977) 
and to Upper Palaeozoic oceanic tholeiites from Clearwater, British 
Columbia (Hall-Beyer 1976). The overall character of the sediments is 
illustrated in terms of K,0, Na0 and CaO and trace elements are used as 
indicators of provenance. Rb shows the behaviour of the alkali metals, 
Ti and Zr represent the heavy mineral component and Ni and Cr follow the 
ferromagnesian minerals. 

Figure 13 shows average compositions of the sedimentary groups in 
terms of K,0, Na 


2 
rocks whilst B4 fall in the range of felsic rock types. Bl, B3 and B5 


50 and CaO. B2 plots very near to the field for basic 


are intermediate in composition with Bl having the highest basic component 
of these three groups. 

K/Rb ratios of sediments are controlled by three main factors: 
the K/Rb ratio of the source region; metasomatic metamorphism of the 
sediments and the effects of transport and deposition. During transport 
and deposition Rb may be concentrated relative to K away from the source 


and so,when comparing sediments showing different K/Rb ratios, the lower 
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ratio may reflect a different source region or merely greater distance 
from the same source of the sediment with the higher K/Rb ratio. Low 
grade regional metamorphism does not effect K/Rb ratios but contact meta- 
morphism may concentrate Rb towards the contact. B2 is the group from 
nearest to the Nelson batholith and has the highest K/Rb ratio (Figure 14) 
so the effect here is apparently not important. B2 again shows the most 
basic character followed by Bl. B4 plots nearest to the field of granites 
and grandiorites. There is considerable variation within the groups of 
both Si05% and K/Rb values. Despite this there is only minor overlap of 
the groups and no overlap between B2 and the other groups. 

The variation of Ti0, and Zr for the sediments is shown in Figure 15. 
These elements are representative of the detrital component of the sedi- 
ments and reflect the chemistry of the source region. Ti0,/Zr ratios of 
the groups display a similar geochemical pattern to the previous plots. 
B2 again has the most basic character followed by Bl whilst B3, B4 and 
B5 have a much greater felsic component. Once again there is consider- 
able deviation from the average within the groups but no overlap occurs 
between the basic and the more felsic sediments. 

Average Ni and Cr concentrations show a positive and almost iden- 
tical correlation with MgO (Figures 16 and 17) indicating that these 
two trace elements are entering the ferromagnesium silicate phase (chlor- 
ite) in the sediments. B2 shows a very large variation within the group, 
Ni and Cr concentrations increase with increasing Mg0% and decreasing 
S10,% and the average for the whole group is typical for that of a basic 
rock. The other groups show less internal variation: B3 and B4 have con- 
centrations typical of granodiorites whilst Bl and B5 have an intermed- 


jate composition. It has been shown by Goldberg and Arrhenius (1958) that 
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Figure 14, S10, versus K/Rb diagram. 

Averages for the Slocan Group sediments are compared to the Rossland 
volcanics (Beddoe-Stephens 1977); DSDP 37 (Lambert and Holland 1977); 
HB1 and HB2, averages of high Zr and average Zr oceanic tholeiite suites 


(Hall-Beyer 1976) and the general field for granites and granodiorites 
(Condie 1967). 
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Figure 16. MgO versus Ni diagram (symbols as in Figures 14 and 15). 
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Figure 17. MgQ versus Cr diagram (symbols as in Figures 14 and 15). 
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the concentrations of Ni and Cr in sediments derived from a basic source 
decrease with distance away from the source region and so the previous 
results may be explained either by postulating different source regions 
for the sedimentary groups and/or varying distances from the basic 
source, 

The geochemistry of the Slocan Group gives consistent but not con- 
clusive evidence on the source of the sediments. Any conclusions drawn 
must be compatible with other geological aspects of the region. Except 
for in the highest part of the Slocan Group the most common non-argil- 
laceous horizons are calcareous and quartzitic indicating a depositional 
environment distant from a silica rich source region. In the highest part 
of the sequence tuffaceous horizons have been found indicative of the 
relative proximity of volcanic activity. Fossil evidence shows that 
these beds have a probable Lower Jurassic age which is the period when 
the Rossland volcanics island arc was emerging. These basic volcanics, 
or rocks of similar composition, appear to have been the source of the B2 
group sediments, the youngest sediments sampled. Slightly lower in the 
section, the Bl group have a large basic component but also some felsic 
character possibly because the island arc source region was not fully 
emerged and was therefore more distant from the depositional basin. 

The sediments from lower in the Slocan Group; B3, B4, and B5, are 
different geochemically from the younger beds. Al,03/Na0 ratios, Sug- 
gested by Pettijonn (1957) as a sandstone maturity index, show B4 to be 
the most mature of the sedimentary groups, a character which is confirmed 
by the presence of corundum in the average norm for the group (Appendix 2). 
B4 was probably derived from a predominantly felsic source of grantoid 


composition whilst B3 and B5 are less mature sediments from a source similar 
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to that of B4 with varying amounts of basic source rock contribution. 


3.4 Ore Metals 
The concentrations of Zn, Pb and Cu in the Slocan Group sediments 
are of interest as they are a possible source of the metals in the local 


e+ ionic radius 0.72A) and Zn (ionic radius 0.74A) 


ore deposits. Cu(Cu 
average concentrations for the five groups show a strong positive corre- 
lation with a correlation coefficient of 0.88 (Figure 18) and very simi- 
lar geochemical patterns when plotted against Fe,0, (Figures 19 and 20). 
This indicates that Cu and Zn are probably present in the 
same iron silicate and oxide minerals in the sediment rather than occurring 
as disseminated sulphides. If Cu and Zn were in the sulphides, they would 
be unlikely to show such a strong correlation as they do not enter the 
same sulphide phase. Cu concentrations lie within the average range for 
argillaceous sediments whilst Zn concentrations are within and slightly 
above average values. Groups BZ, B3 and B4 show little internal varia- 
tion of Zn and Cu concentrations. B2 has values typical of basic rocks; 
the high S10, members of B4 have low Fe,0.% and low Cu and Zn concentra- 
tions but the overall average for the group is typical of granodiorite 
and granitic rocks. Groups B5 and Bl have the highest average Cu and Zn 
concentrations. Within B5 there is a strong positive correlation between 
Fen04 and Cu and Zn and the high ore metal concentrations probably reflect 
high detrital Cu and Zn values in the iron silicates and oxides of the 
sediment. Bl has the largest internal variation and the highest concen- 


trations of Cu and Zn in the five sedimentary groups. Cu and Zn concen- 


trations show no correlation with Fe,0. but are generally higher in the 
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Figure 19. Fe,0. (total) versus Cu diagram. 
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Figure 20. Fe,0., (total) versus Zn diagram, 


jeer re 
Fe20O3 % 


i si . : ie _ a nd 
| be ee these Pr. z 


-& P ne a a, 


Ole 


samples having high S values and the variation may be due to minor 
amounts of the sulphides in the sediment. 

Pb (phot ionic radius 1.20A) concentrations in the sediments are at 
average crustal levels and show very little variation between different 
Samples. Pb does not correlate with any other element, for example K 
(ionic radius 1.33A) (Figure 21) which it often follows geochemically, 
Suggesting that the Pb has been remobilised and redistributed in the 
Slocan Group sediments and is probably present in a disseminated sulphide 
phase, a behaviour which is completely different from that of Cu and Zn. 

In conclusion, the geochemistry of Cu, Zn and Pb in the Slocan 
Group sediments does not give any indication that the sediments are the 
source of the ore metals in the region. Pb and Zn concentration in ore 
depositing solutions is thought to originate either from partitioning 
between consolidating granitoid melts and their aqueous vapour phase or 
from leaching of country rock by hydrothermal solutions. While the geo- 
chemical evidence points to the unlikelihood of the latter process the 
argument is not foolproof. However, the isotopic composition of Pb is 
more definitive than simple Pb concentration for detecting genetic rela- 
tionships between potential source rock and galena deposits and a lead 


isotope study of the region is the topic of the following section. 
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Figure 21. K,»0 versus Pb diagram. 
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CHAPTER 4 


LEAD ISOTOPES 


The Pb-Zn-Ag mineral deposits of the region are found in both the 
Slocan Group sediments and the Nelson batholith. They are most abundant 
in the former where they are predominantly fissure deposits showing \ari- 
able amounts of wall rock alteration. Their geology has been described 
in detail by various authors including Cairnes (1934), Hedley (1952), 
and Little (1960) and a genetic relationship between the ore deposits and 
the Nelson batholith has been implied. However Fyles (1967) has questioned 
this genetic link. Therefore lead isotope studies have been carried out 
to try and help clarify the problem of ore genesis. 

The lead isotopic composition of seven galena and two pyrite samples 
were measured and the results are shown in Table 2. The maximum standard 


error, a combination of 204 


Pb measuring error and fractionation error, 
is 0.1% per mass unit and is corrected for by normalising the ratios to 
the NBS 981 Pb isotope standard. Precision (20) of the results is shown 
in the table and sample locations are displayed in Figure 4. The data 


2 
207, ,204 065, /204 


is plotted on a conventional BOeV Sic Pb diagram (Figure 
22). Also shown on the diagram are the primary ore-lead growth curve 
from Stacey and Kramers (1975), previous data published by Reynolds and 
Sinclair (1971) on galenas from the area and K-feldspars from the Nelson 
batholith, lead isotope fields defined by Zartman (1974) and lead isotope 
composition ranges from Iceland and the Canaries (Sun and Jahn 1975). 


The lead isotope abundances generally coincide with those determined by 
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TABLE 2 
Isotopic composition of lead from galena and pyrite samples from near 
or within the Nelson batholith 
(errors shown are t26 measurement precision) 
(All ratios normalised to the NBS 981 Pb isotope standard) 


(pyrite samples have -py suffix) 


206p), ,204p, 207 pp /204p, 2085), 2045, 

SCR 18.996 = 0.012 15.685 = 0.016 38.899 = 0.044 
22W 18.724 * 0.008 15.614 = 0.008 39.020 = 0.018 
KB py 19.097 = 0.020 15.672 = 0.024 39.505 * 0.058 
4.13 py 18.875 = 0.040 15.658 = 0.032 39.103 = 0.100 
FL 18.724 = 0.006 15.642 = 0.012 38.985 * 0.028 
6.1 18.691 = 0.010 15.631 = 0.014 son 1278= 01028 
x14 18.701 = 0.008 15.608 = 0.008 39.030 = 0.008 
KB 18.963 = 0.010 15.669 = 0.008 38.824 = 0.036 
OL 17.643 * 0.008 15.579 = 0.008 38.500 = 0.020 
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Reynolds and Sinclair except that one sample from the Ainsworth camp (OL) 


o/ Atay ratio. Almost all the Sandon and 


has a distinctly higher : Pb/ 
Nelson batholith samples plot to the right of the primary ore-lead growth 
Curve whilst the Ainsworth and Bluebell leads have considerably less 
radiogenic isotope ratios. 

When only a small number of results are available the usual approach 
in lead isotope studies is to utilise a previously described model which 
is capable of explaining the observed isotope abundances. Where the data 
defines a linear relationship, the gradient of the line represents the 


aU ee eae) 


Pb/ Spb ratio generated by radioactive decay in the source rock from 


which the leads derived their last radiogenic component. This two stage 
model for the origin of the lead was described by Russell and Farquhar (1960), 
and is the one applied by Reynolds and Sinclair. The gradient R is given 


by the formula: 


rae ] (eArt ¥ edite ) 
137.8 EMR = eka 


Where re is the 28 


238 


U decay constant, 

r is the U decay constant, 

t; is the time when the source rocks became a closed system with 
respect to U, Th and Pb, 


t2 is the time of mineralisation. 


The time of mineralisation was shown by Hedley (1952) to be shortly 
after the emplacement of the batholith and was assumed to be 150 Ma, 
from which Reynolds and Sinclair obtained a value for ty of 1530 = 100 Ma, 
but more recently determined uranium decay constants change this age to 


1450 * 100 Ma. Hence it was reasoned that the radiogenic component of 
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the ore and rock leads was generated in source rocks between 1450 Ma 

and 150 Ma ago. The Nelson rock leads and the ore leads in spacially 
related ore deposits were inferred to be genetically related. A deep 
crustal lead source, with variable contamination of magma and ore solutions 
by radiogenic lead during upward movement through upper crustal rocks, 
according to Reynolds and Sinclair, explained the observed lead isotope 
abundances. 

Although the new data presented approximately coincide with Rey- 
nolds and Sinclair's the applicability of their model is questioned and 
an alternative model suggested. Bluebell and Ainsworth lead isotopic 
ratios are considerably less radiogenic than those from the Sandon camp 
and Nelson batholith, which is not to be expected if in fact the leads 
are related genetically. Also the gradient of the radiogenic lead line 


2075) 2045), ratio 


and its validity must be questioned because of the high 
for the one Ainsworth camp sample measured. 

Over the last fifteen years the isotope division of the U.S. Geo- 
logical Survey has been determining the lead isotopic composition of a 
large number of plutonic and volcanic rocks and ore deposits from the Cor- 
dillera of the western United States. Three discrete provinces have been 
defined by Zartman (1974), by characteristic patterns in the lead isotopic 
compositions of these Mesozoic and Cenozoic rocks and hydrothermal ores. 
The isotopic composition within each province reflects the geology of the 
source region from which the lead was derived. 

As well as the various lead isotope patterns dependent on the source 
of the lead there are variations in isotopic composition dependent on 
the age of the igneous rock or ore deposit. However these effects are 


normally only apparent when age differences of at least several hundred 
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million years are compared. With age differences of less than 200 Ma 
regional isotopic characteristics seem to dominate, therefore Mesozoic 
and Cenozoic results are used without time resolution. 

The aforementioned provinces are shown on Figure 22 as Area I, 

Area II and Area III. In Area I there is a tendency for the lead to be 
depleted in its radiogenic component relative to the hypothetical primary 
ore-lead growth curve. This requires a source region in which the U/Pb 
ratio was lowered during part of the lead isotope development. The low 
U/Pb ratios of certain deeply eroded cratonic areas and the common close 
association of Area I type lead with outcropping basement rock implies 

that Area I contains lead derived principally from the Precambrian base- 
ment. Wide ranges in isotopic composition of ore leads result from the 
addition of upper crustal radiogenic lead as hydrothermal solutions migrate 
upwards through the crust. 

Area III is typified by large plutonic masses, volcanics and thick 
eugeosynclinal sequences of Mesozoic and Cenozoic rocks, many resembling 
typical island arc assemblages rich in volcanic detritus. Igneous rock 
and ore leads have only a small range in isotopic composition in a field 
that essentially coincides with that of oceanic basalts. Whilst oceanic 


basalts reveal slightly lower 2075) 204 206,, ,204 


Pb/-~ “Pb ratios for given PD/ mp 
than Area III leads, pelagic sediments and basalts presumably altered by 
sea water interaction appear to be similar in lead isotope composition 
to the Area III leads (Armstrong and Cooper 1971). The preponderance of 
plutonic and volcanic rocks and associated sediments of eugeosynclinal 
origin implies a lead source material related to new continental growth. 


Subducted pelagic sediment and/or basaltic oceanic crust could supply the 
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lead by a process where the subducted rocks melt and return as igneous 
rocks in the island arc environment. Area II contains lead derived from 
sediments eroded from adjacent Precambrian rocks but as none of the 
samples measured fell in this region it will not be further considered. 

From the descriptions of Area I and Area III it seems that lead 
isotopes may provide a convenient method of indicating the possible ex- 
tent of the Precambrian basement, where it is not exposed at the surface, 
as well as giving important information on ore genesis. 

The rock leads and ore leads associated with the Nelson batholith 
clearly fall into two groups. Sandon ore and Nelson batholith leads all 
plot within Area III. In addition the lead is in association with plu- 
tonic rocks (the Nelson batholith), volcanic rocks (the Rossland Group vol- 
canics, to the south) and eugeosynclinal sediments (the Slocan Group) 
which are all characteristic of Area III. The lead in these rocks and 
ores is thus presumably derived from a source associated with new con- 
tinental growth, possibly subducted sediment and/or basaltic oceanic 
crust. Alternatively, the lead may be of mantle derivation and be con- 
taminated with varying small amounts of upper crustal radiogenic lead. 
Bluebell and Ainsworth ore leads, which have a different origin, fall] 
in Area I; that is, lead derived from the Precambrian basement with a low 
U/Pb ratio. 

The genetic link between the Sandon ores and the Nelson batholith 
seems to be clear, the lead in both being of oceanic association. In 
order to explain the occurrence of Area I lead, the hydrothermal system 
associated with the Nelson batholith must have passed through the Precam- 
brian basement below the eastern part of the region and remobilised the 


Area I lead of the Bluebell and Ainsworth ores. 
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The position of the edge of the craton in the Western Cordillera 
is a much debated topic. The occurrence of Area I leads in the east of 
the region and Area III leads further west implies that the western edge 
of the craton is in the vicinity of Kootenay Lake. This agrees with the 
conclusion of Price (1979) drawn from his deep structural work on the 


Southeastern Canadian Cordillera. 
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CHAPTER 5 


CONCLUSIONS AND DISCUSSION 


The most significant conclusions arrived at in the previous chapters 
are summarised below: 
1. The Nelson batholith differentiated from a calc-alkaline magma which 
Originated in the mantle wedge above a subduction Zone. 
2. The Slocan Group sediments have a distinct two-fold division with re- 
gard to their source. The highest beds in the sequence were derived from 
a basic source region whilst the lower members had a more highly siliceous 
source. Ore metals in the sediments have unexceptional concentrations 
although Pb behaves differently from Cu and Zn, probably occurring as a 
disseminated sulphide phase whilst Cu and Zn enter ferromagnesium silicate 
minerals. 
3. The ore-lead is shown to be of dual origin by isotope abundances. In 
all but the easternmost deposits in the region the lead is of ‘young' 


207,, ,204 


oceanic affinity characterised by the narrow range of Pb/~~ “Pb and 
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Pb ratios just to the right of the primary ore-lead growth curve. 
The deposits of the Bluebell and Ainsworth camps contain much less radio- 
genic lead with lead derived at least in part from the Precambrian basement. 
The above features of the geology of the region will be fitted into 
an island arc model for the evolution of the region during Late Triassic 
to Middle Jurassic times. 
The tectonic evolution of the Canadian Cordillera of southern British 
Columbia has been described in terms of plate tectonic concepts by Monger 


et al (1972) and Griffiths (1977). By the late Permian a large wedge of 
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clastic sediments flanked the western edge of the North American craton and 
an ocean basin of unknown width lay to the west of the continent. Sub- 
duction of oceanic crust had apparently not yet begun. Extensive vulcanism 
commenced in the Middle Triassic along two linear belts, the Nicola-Takla 
volcanics of the Intermontane Belt and the Karmutsen volcanics of the In- 
sular Belt. Monger et al (1972) suggested that the latter were oceanic 
tholeiites and that the former were erupted above an easterly dipping sub- 
duction zone whilst Griffiths (1977) proposed an alternative ‘double sub- 
duction zone' model for the generation of the two volcanic groups. In 
Upper Triassic times the focus of magmatism shifted eastwards from the 
Nicola region, possibly due to the growth of the arc-trench gap with time 
(Dickinson 1974) and the calc-alkaline Rossland pyroclastic-rich volcanics 
were erupted in the Lower Jurassic. They typify the later stages of the 
Nicola-Takla arc and, relative to the Nicola Group, occur in a ‘back arc' 
setting apparently related to the transition zone between a subsiding basin, 
the Rossland Trough, based on oceanic crust and a positive belt to the 
west. 

From the Jurassic onwards the subduction zone shifted westwards in 
response, according to Monger et al (1972), to the early opening of the 
North Atlantic pushing the North American craton westwards and sealing 
off the old subduction zone. Griffiths (1977) proposes that the double 
subduction zone was only transitory and ceased when the intervening oceanic 
crust was consumed. The Middle Jurassic calc-alkaline magmas which formed 
the Nelson batholith were probably generated before the oceanward off- 
stepping of the subduction Zone. 

The local geology of the northwest margin of the Nelson batholith is 


fitted into the regional picture with the aid of three sketch cross sec- 
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tions of Upper Triassic, Lower Jurassic and Middle Jurassic times. 

In the Upper Triassic (Figure 23) the Slocan Group sediments were 
probably derived from the felsic Castlegar gneisses to the west although 
ijt is possible that the source may have been to the north or east. Future 
studies on current directions could help solve this problem. Varying 
minor contributions from a more basic source rock, possibly the Kaslo 
Group volcanics, occurred as the sediments were deposited as distal tur- 
bidites in the Rossland Trough. By the Lower Jurassic (Figure 23), the 
evolution of the Rossland volcanics island arc provided a basic source 
rock for the uppermost beds in the Slocan Group. Overall compression between 
the oceanic and continental plates initiated folding in the Proterozoic 
and Palaeozoic sediments of the Kootenay Arc. Continued compression of 
the region during the Middle Jurassic resulted in the folding of the Slocan 
sediments. The Nelson batholith, generated above the subduction zone, was 
intruded at this time (Figure 23). The hydrothermal system associated 
with the batholith contained lead of oceanic affinity and, in the east of 
the region, renobilised lead from the Precambrian basement. It is probable that 
this lead was deposited in the ores of the Bluebell and Ainsworth camps. 

The tectonic setting has been discussed in more detail by Beddoe- 
Stephens (1977) who defines the ‘Rossland Break' fault zone as the boun- 
dary between the depositional trough and the positive area to the west. 

He proposes that the Rossland magmas were probably focussed along this 
line of weakness which was possibly a southern continuation of the Pinchi 
fault zone. The ‘Rossland Break' may therefore also represent the site of 
subduction which caused the generation of the early Mesozoic Kaslo vol- 
canics. If this is so then Archaean continental crust cannot extend west 
of the Rossland area which is in agreement with the conclusions drawn from 


the lead isotope work of this study. 
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Figure 23. Sketch cross sections for the region during Upper Triassic, 


Lower Jurassic and Middle Jurassic times. 
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APPENDIX 1 
Chemical analyses, approximate modal analyses and norms of the Nelson 


batholith samples 
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APPENDIX 2 
Chemical analyses, mineral assemblages and norms for the Slocan Group 
sediments 
a) Chemical analyses 


(major elements as weight % oxides, trace elements in ppm. ND = not determined) 
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c) Norms for the average chemical composition of the sedimentary groups 
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